The present work reports the chemical compositions, antibacterial and antioxidant activities of essential oils from T. jasminoides flowers collected from two different geographical areas, Chiang Rai and Chiang Mai, Thailand. The essential oil of T. jasminoides from the Chiang Rai area had 99 compounds representing 97.9% of the total oil composition, with E-nerolidol and -phellandrene as the major constituents. In contrast, the essential oil of T. jasminoides collected from the Chiang Mai area contained 93 components representing 94.8% of the total oil, with trans-linalool oxide and citronellol as the major compounds. Flower oils of T. jasminoides exhibited greater antibacterial activities against Gram-negative bacteria than Gram-positive bacteria. Both oils displayed antioxidant activities.
Essential oils obtained from various parts of aromatic plants have been used in many remedy applications due to their safety and high effectiveness. They are also used as alternative treatments to antimicrobial and antioxidant agents. Essential oils have been considered as natural bactericides against pathogenic microorganisms according to the complexity of their volatile components. Due to changes in genetic and environmental factors, resistance of pathogenic microorganisms to antibiotics has developed. Therefore, the search for new chemical bactericides from aromatic plants is of interest.
Trachelospermum jasmonoides Lindl. (Apocynaceae) is a common traditional medicine also known as "Luoshiteng or star jasmine". Chinese herbal medicine indicates that T. jasminoides can be used in the treatment of rheumatic arthralgia, aching of the loins and knees, and traumatic injuries [1] . Apigenin, luteolin, and luteolin 4′-O-glucoside in the crude leaf extracts of T. jasminoides strongly inhibited the activities of xanthine oxidase and are thought to be therapeutically useful for the treatment of gout [2] . The water and ethanol extracts of T. jasminoides also presented anti-inflammatory activities [3] . Moreover, 5-di-O-β-D-glucopyranoside also inhibited the activity of cancer cells [4] . However, there is no study reporting the chemical constituents and biological activities of the essential oil from T. jasminoides flowers. In this study, the chemical composition, antibacterial and antioxidant activities of the essential oil of T. jasminoides flowers obtained from different areas were investigated.
Hydrodistillation of T. jasminoides flowers provided pale yellowish essential oils with a persistent odor, which was strong, sweet and floral. The area of sampling affected the essential oil yields. The Chiang Rai region presented the highest essential oil yield (1.0%), whereas the Chiang Mai area showed a relatively lower yield (0.9%). The essential oil composition of T. jasminoides flowers obtained from the different areas was identified by GC-MS analysis. The identified components, their percentages and the retention indices are listed in Table 1 . Most identified constituents were common to both samples. Significant qualitative and quantitative variations in the volatile components between the two areas were detected. Ninety-nine volatile components were detected in the essential oil of T. jasminoides flowers from Chiang Rai province, representing 97.9% of the total oil composition. E-Nerolidol (22.6%) was the major constituent, followed by -phellandrene (17.5%), -2-carene (7.0%), geranyl propanoate (5.4%) and cislimonene oxide (5.2%). Some components in different chemical groups were found in lower content, such as lavender lactone (3.1%), trans-rose oxide (2.9%), E-jasmonyl acetate (2.4%) and Zethyl-2-methyl-2-pentanoate (2.2%). The essential oil of T. jasminoides flowers from the Chiang Mai area presented 93 identified volatile compounds, representing 94.8% of the total oil. Trans-linalool oxide (15.5%), citronellol (8.5%), dihydro-linalool (6.6%) and trans-dihydro-rose oxide (5.3%) were the principle components, whereas -phellandrene (4.8%), lavender lactone (4.2%), E-nerolidol (3.8%) and trans-isolimonene (3.2%) were observed in lower amounts. Different odor characteristics were noticed and were in accordance with the variation of volatile components between the two samples. In general, abiotic factors including physical conditions and non-living resources can affect the composition of phytochemicals [5] . The lower temperature and higher altitude were considered important for the production of some specific compounds in the plants growing in the Chiang Rai area.
The antibacterial activities of the two T. jasminoides flower oils were tested against Gram-negative (Enterobacter aerogenes TISTR1540, Pseudomonas aeruginosa TISTR781 and Escherichia coli TISTR780) and Gram-positive (Micrococcus luteus TISTR884, Bacillus subtilis TISTR008 and B. cereus TISTR687) bacteria and were analyzed by MIC with diameter of inhibition (mm). The results are present in Table 2 . Antibacterial activity of the essential oil from both areas was observed. Greater antibacterial activity was observed against the Gram-negative bacteria compared with the Gram-positive bacteria. In addition, the essential oil from the Chiang Rai area inhibited bacteria with a higher diameter of inhibition than that obtained from the Chiang Mai area. The highest inhibition zone of the essential oil from the Chiang Rai area was observed against E. aerogenes TISTR1540, followed by P. aeruginosa TISTR781 and E. coli TISTR780, while B. cereus TISTR687 provided the lowest diameter of inhibition for both oils. The lowest MIC value (7.81 µg/mL) was against E. aerogenes The major constituents presented in the essential oil of T. jasminoides flowers have been considered in relation to the antimicrobial activities of these oils [6] . The antibacterial activity of could be attributed to the major components such as E-nerolidol, αphellandrene, trans-linalool oxide, cis-limonene oxide and citronellol. E-Nerolidol and -phellandrene have been shown to have bacteriostatic activities against various bacterial pathogens [7] [8] [9] . High antibacterial activity of cis-limonene, trans-linalool oxide oxide and citronellol were also reported [10] [11] [12] . Geranyl propanoate, 1,8-cineole, acetophenone and endo-2-norborneol could also contribute to the antimicrobial activity of the oils from both areas [13] [14] [15] . In addition, various active constituents with lower content may contribute to improve the antibacterial activity of these samples. It was noted that the antibacterial activity of each sample could be the result of the complexity of the key and minor volatile compounds of T. jasminoides flower oils. Antioxidant activities of T. jasminoides essential oils were investigated by using DPPH radical scavenging activity and FRAP assays. The results are presented in Table 3 . Greater radical scavenging activity was presented as a lower IC 50 value. A lower IC 50 value was detected for the essential oil from the Chiang Rai area (38.5 ± 1.0 µg/mL), whilst that from the Chiang Mai area provided a higher IC 50 value of 44.1 ± 1.2 µg/mL. According to the FRAP test, the higher activity was shown in essential oils from the Chiang Rai area (276.5 ± 1.2 µmol Fe 2+ E/g of essential oil), while a lower activity (215.3 ± 1.2 µmol Fe 2+ E/g of essential oil) was detected for essential oils from the Chiang Mai area. The antioxidant activity of these essential oils could be related to the combination of compounds that are produced and influenced by the Phytochemistry of Trachelospermum jasminoides essential oil Natural Product Communications Vol. 9 (12) 2014 1793 differences of genotype, environmental and agronomic conditions [16] . Major constituents present in most essential oils play important roles in the antioxidant activities of these oils. The higher level of antioxidant activity in the essential oil obtained from Chiang Rai Province may be attributed directly to the concentration of the principle component E-nerolidol. This compound is known to possess high antioxidant properties [17] . -Phellandrene also has significant antioxidant activity [18] . The antioxidant activity of the flower oil obtained from the Chiang Mai area may be related to the presence of its major compounds such as citronellol [19] . Active antimicrobial components such as E-nerolidol, ledol, o-cresol methyl ether, p-cymene, o-cymene, 6-camphenol and endo-fenchol would seem likely to possess strong antioxidant activity in essential oils from both areas [20] . Other compounds such as and -terpinene, camphene, -phellandrene, and limonene could be related to the high antioxidant activity of the flower oils. In addition, lavender lactone, a sesquiterpene, is known to have antioxidative activity [21] . This study is the first report of T. jasminoides flower oils from Chiang Rai and Chiang Mai provinces in northern Thailand. The chemical composition of the essential oil from Chiang Rai was dominated by E-nerolidol, -phellandrene, -2-carene, geranyl propanoate and cis-limonene oxide, while trans-linalool oxide, citronellol, dihydro-linalool and trans-dihydro-rose oxide were major constituents of the flower oil from Chiang Mai. These essential oils demonstrated considerable degrees of antibacterial, and antioxidant activities, which may be applied as antioxidant and antibacterial agents in natural pharmaceutical treatments. Essential oil distillation and analysis: Three hundred g of T. jasminoides flowers obtained from the different areas were separately hydrodistilled for 4 h using a Clevenger-type apparatus. The essential oils were dried using anhydrous Na 2 SO 4 and then kept in sealed vials at 4°C until analysis. For each area, hydrodistillation was performed in triplicate. The essential oil composition of T. jasminoides flowers was determined using a Hewlett Packard model HP6890 gas chromatograph (Agilent Technologies, Palo Alto, CA, USA) equipped with an HP-5MS (5% phenylpolymethylsiloxane) capillary column (30 m × 0.25 mm i.d., film thickness 0.25 μm; Agilent Technologies, USA) interfaced to an HP model 5973 massselective detector. The oven temperature was initially held at 60°C and then increased by 3°C/min to 240°C. The injector and detector temperatures were 250 and 280°C, respectively. Purified helium was used as the carrier gas at a flow rate of 1 mL/min. EI mass spectra were collected at 70 eV ionization voltages over the range of m/z 29-300. The electron multiplier voltage was 1150 V. The ion source and quadrupole temperatures were set at 230°C and 150°C, respectively. One µL of each essential oil was dissolved in n-hexane (1/50, v/v) prior to injection into the GC-MS system with a split mode of 1:50. Identification of the essential oil components was performed by comparison of their retention indices (RI) relative to C 8 -C 22 n-alkanes, and using a comparison of the mass spectra of individual components with the reference mass spectra in the W8N08 and NIST08 databases, and literature [22] . The key components obtained from different sites were investigated by using a percent relative peak area, as shown in Table 1 .
Experimental
Antibacterial activity: Antimicrobial activities of T. jasminoides flower oils were investigated against 6 bacterial strains representing three Gram-negative (Enterobacter aerogenes TISTR1540, Pseudomonas aeruginosa TISTR781 and Escherichia coli TISTR780) and three Gram-positive bacterial species (Micrococcus luteus TISTR884, Bacillus subtilis TISTR008 and B. cereus TISTR687). The antibacterial activities of T. jasminoides essential oils were determined by a disk diffusion assay according to Mar and Pripdeevech [23] . Briefly, the bacterial cultures were grown in medium at 37°C and placed onto a nutrient agar plate using sterile cotton swabs. Each essential oil was diluted by the two-fold broth dilution method until containing final concentrations of 1000, 500, 250, 125, 62.50, 31.25, 15.62, 7.81 and 3.91 μg/mL. Ten µL of each essential oil with a different concentration was added to a disc plate using a sterile micropipette. These plates were then incubated at 37°C for 24 h. After this period, the inhibition zone was measured in mm, including the diameter of the disc. Measurements were made in triplicate for each essential oil. Minimum inhibitory concentration (MIC) of all samples was determined; this is the lowest concentration inhibiting the visible growth of bacteria after incubation. MIC values of all essential oils are shown in Table 2 . The positive control (standard antibiotic penicillin) was tested using the same method.
Free radical-scavenging activity:
The DPPH radical scavenging properties were analyzed by a modified method of Blois [24] . One µL of each essential oil was added to 1 mL of 0.003% DPPH methanolic solution. The reaction was kept in the dark at room temperature for 30 min prior to measuring the absorbance at 517 nm using a Perkin Elmer-Lamda 25 UV/Vis spectrophotometer. The scavenging ability was determined by using the equation: Scavenging effect (%) = 100 × [Absorbance of control -Absorbance of sample/Absorbance of control]. The antioxidant activity of T. jasminoides flower oils from different areas was presented as IC 50 (μg/mL) and compared with the standards, butyl hydroxyl toluene (BHT) and α-tocopherol, based on the same reaction. The experiment was performed in triplicate. The antioxidant activity results of all samples are shown in Table 2 .
Ferric reducing antioxidant power (FRAP) assay:
A modified FRAP assay method of Benzie and Strain [25] was used for determination of total antioxidant activity of the flower oils. FRAP solution was obtained by adding acetate buffer (300 mM, pH 3.6) to 10 mM 2,4,6-tripyridyl-striazine dissolved in 40 mM HCl and 20 mM FeCl 3 ·6H 2 O solution and further stored at room temperature. Essential oils (50 μL) were mixed with the FRAP solution (2.85 mL) and kept in a dark area for 30 min before determination of the absorbance at 595 nm. Results of the antioxidant activities were expressed as mol Fe 2+ equivalents/g dry sample. All experiments were performed in triplicate. BHT and α-tocopherol were used as standard compounds in this study.
